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ABSTRACT 
Objective: Amorphophallus campanulatus (AC) is commonly known as Suran. It is used to cure piles, deranged digestion and liver diseases. The 
present study was carried out to evaluate AC plant as a new source of natural bioactive molecules having antioxidant potential and their protective 
role against hepatotoxicity induced by t-BHP. 
Methods: Ethanolic extracts of AC leaf and fruit were subjected to assessment of its antioxidant potential by superoxide anion radical scavenging 
activity (SARSA), free radical scavenging activity (FRSA), ferrous ion chelation activity (FIC) and reducing power (RP). The study was further carried 
out to assay the DNA damage and hepatoprotective activity of AC leaf extract.  
Results: Leaf extract of AC showed lower IC50 
Conclusion: The results suggest that AC leaf has antioxidant, cytoprotective and hepatoprotective properties which may be due to the presence of 
important bioactive constituents; hence it may be used in the form of dietary component and also in formulations against liver diseases.  
for SARSA, FRSA and FIC (111.67 mg/ml, 11.58 mg/ml and 8.56 mg/ml, respectively) than fruit 
extract. HPLC analysis of leaf showed the presence of chlorogenic acid, caffeic acid, rutin, quercetin and kaempherol. Leaf extract showed potential 
to protect hydroxyl radical-induced DNA damage. Hepatoprotective effects of AC leaf was shown by increasing superoxide dismutase (SOD), 
glutathione content (GSH), catalase (CAT) and protein content and decreasing nitric oxide (NO) and MDA formation, when t-BHP treated hepatocyte 
cells were exposed to different concentration (1.0, 2.5, 5.0 and 7.5 µg) of extract.  
Keywords: Hepatoprotective activity, Glutathione, Antioxidant enzyme, Lipid Peroxidation, Hepatocytes 
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INTRODUCTION  
Our body system has a unique balance between the generation of 
ROS and antioxidant defence system. When ROS generation becomes 
uncontrolled and dominates over the antioxidant defence system of 
the cell, free radicals start attacking the cell component such as lipid, 
protein and carbohydrate. This leads to the development of 
degenerative diseases such as ageing, rheumatoid arthritis, 
atherosclerosis, cancer, neurodegenerative and cardiovascular 
diseases, etc. Singh et al. [1] reported that phytochemicals having 
antioxidant activity in Trigonella foenum-gracecum play an 
important role in the scavenging of free radicals and protection of 
DNA damage. The same group demonstrated that the extracts of A. 
nilotica pod exhibited strong and effective in vitro and in vivo 
antioxidant potential by chelating metal ions as well as scavenging 
free radicals and anti-quorum sensing activity [2]. The liver is an 
important organ which shows a promising effect in metabolism and 
excretion of xenobiotics from the body. Liver cell injury is caused by 
various toxic chemicals such as certain antibiotic, chemotherapeutic 
agents, carbon tetrachloride (CCl4
Amorphophallus campanulatus (Roxb.) (Family: Araceae) is 
commonly known as Suran. The literature showed that f
), t-BHP, etc. Consequently, this 
hepatic cell toxicity leads to a range of liver diseases such as 
ischemia–reperfusion injury, fibrosis and liver failure  [3]. The 
available synthetic drugs to treat liver disorders in this condition 
may also cause further damage to the liver [4]. ROS generated while 
drug metabolism are detoxified by antioxidants present in the body 
or taken in the form of diet. Tripathi et al. [5] reported that ethanolic 
extract of Fumaria parviflora have protective activity against 
nimesulide induced hepatotoxicity and attenuated critical control 
points of apoptotic cell death. In another study, the same group 
reported that Glycyrrhizic acid (GA), the main bioactive ingredient of 
Glycyrrhiza glabra could be beneficial against liver diseases induced 
by oxidative stress [6]. A combination of terpenes i.e. camphene and 
geraniol was found to prevent oxidant-antioxidant imbalance and 
reduce the nimesulide-induced hepatotoxicity. Therefore, the use of 
these natural antioxidants may improve benefit to liver cells [7]. 
Antioxidants can offer protection against cellular oxidative damage 
under disease/stress conditions. Plant-derived antioxidants such as 
flavanoids and polyphenols are considered to be safe. Hence 
considerable attempts are being made to identify plants with 
antioxidant capacity.  
orms of the 
Suran are used in various ayurvedic formulations. The tubers are 
used as an analgesic, liver tonic, thermogenic, antihelmintic and 
diuretic agent [8]. Roots are used to treat ophthalmia and boil [9]. 
Some important chemical constituents of the tubers include 
carbohydrates, sitosterol, stigmasterol, thiamine and riboflavin [10]. 
MATERIALS AND METHODS 
The studies reported in the literature about AC plant are not 
sufficient to arrive at a definite consolation regarding their remedial 
powers. Also, the bioactive phytochemicals have not yet been fully 
identified. In view of increasing awareness about health and 
increased use of phytochemical in the prevention/treatment of 
common as well as serious diseases, there is a need to find out some 
safe alternative drug/nutraceuticals which are used in our day to 
day life in one or the other form. Therefore, the present study was 
designed to investigate the in vitro antioxidant activities of AC 
through parameters such as superoxide anion radical scavenging 
activity, free radical scavenging activity, ferric ion chelation activity 
and reducing power. Bioactive compounds were also detected along 
with an evaluation of the DNA damage protective and 
hepatoprotective activities of leaf extract. 
Materials 
Plant samples were collected from vegetable growing areas of 
eastern Uttar Pradesh. Collected plant samples were washed under 
running tap water, dried, in sun shade, powdered in a grinder and 
stored in polyethene bags at 4 °C. The plant identification was 
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confirmed by National Botanical Research Institute (NBRI), 
Lucknow, India. The voucher specimens were also deposited at the 
institute.  
Chemicals and reagents  
Gallic acid, quercetin and Bovine serum albumin (BSA) were 
purchased from Sigma-Aldrich, St. Louis, USA. β-Carotene, Ascorbic 
acid, Folin Ciocalteau’s phenol reagents were the product of E. Merk, 
Mumbai, India. Nitro blue tetrazolium (NBT), 1,1-diphenyl-2-
picrylhydrazyl (DPPH), thiobarbituric acid (TBA), Phenazine 
methosulphate (PMS), reduced nicotinamide adenine dinucleotide 
(NADH), RPMI media, fetal bovine serum, glutathione reduced, NADH, 
tertiary-butyl hydroperoxide (t-BHP), nitro blue tetrazolium (NBT), 
thiobarbituric acid (TBA), MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5diphenyltetrazolium bromide) were purchased from Sigma–Aldrich 
Co., USA. Potassium ferricyanide, trichloroacetic acid, ferric chloride 
and sodium dodecyl sulphate were purchased from SRL, India. All 
other reagents and chemicals used were of analytical grade.  
Extraction procedure 
Twenty grams of dried AC leaf and fruit sample were extracted with 
70% ethanol until discoloration. The extracted solvent was 
evaporated at 40 °C in a rotary vacuum evaporator and lyophilized 
till dryness. The powdered form of plant extracts was stored at -4 °C 
and used for the activity determination.  
Quantification of bioactive phytochemicals 
The ascorbic acid content of vegetables was estimated by the 
method of Arlington and reported in terms of g/kg of fresh weight 
[11]. Carotenoids were estimated by the method of Jensen and 
reported in terms of μg/g of fresh weight [12]. Total phenolic 
content (TPC) was measured by the method of Ragazzi and Veronese 
and presented in term of g/kg of Gallic acid equivalent [13]. 
Carbohydrate content was estimated by Anthrone method and 
reported in term of g/kg of dry weight [14]. Protein content was 
estimated by the method of Lowry et al. and reported in term of g/kg 
of dry weight [15]. 
Superoxide anion radical scavenging activity (SARSA) 
This assay was based on the capacity of extract to inhibit the 
reduction of nitroblue tetrazolium (NBT) by the method of Nishikimi 
et al.[16]. Three ml reaction mixture containing a different aliquot of 
plant extracts (50, 100, 150 and 200 µl) with 0.1 M phosphate buffer 
(pH 7.8), 60μM Phenazine methosulphate (PMS), 468 μM 
nicotinamide adenine dinucleotide reduced (NADH) and 150 μM 
NBT was incubated for 5 min at ambient temperature. Absorbance 
was read after 6 min at 560 nm using UV–Vis spectrophotometer. 
The percentage inhibition of superoxide generation was measured 
by comparing the absorbance of the control and those of the reaction 
mixture containing test sample. 
Free radical scavenging activity (FRSA) 
FRSA of the extracts was measured by using DPPH stable radical 
according to the method of Yen and Duh [17]. Each extract (0.1 ml) 
was added to freshly prepared DPPH solution (6 x 10-5
% Inhibition = [(blank absorbance-sample absorbance)/blank 
absorbance] X 100 
 M in HPLC 
grade 2.9 ml methanol) and mixed vigorously. The reduction of the 
DPPH radical was measured by continuous monitoring of the decrease 
in absorbance at 515 nm until the stable value was obtained.  
The IC50
Ferric ion chelation (FIC)  
 which represents the amount of antioxidant necessary to 
decrease the initial DPPH concentration by 50%, representing a 
parameter widely used to measure the antioxidant activity, was 
calculated from a calibration curve by linear regression. 
Ferric ions chelating properties of the extracts were determined by 
the method of Decker and Welch (1990) [18]. Results were 
expressed in the terms of inhibitory concentration (IC50). Different 
aliquots of plant sample (25 µl, 50 µl, 75 µl, 100 µl) were taken, and 
the volume was made up to 100 µl in each tube with distilled water. 
One ml KSCN and 200 µl FeCl3 were added in each tube. The red 
colour developed after adding FeCl3
Reducing power (RP) 
. 1.0 ml ethanol was added for 
dilution and absorbance was read at 535 nm. 
Reducing power of the extracts was determined by using the slightly 
modified method of ferric reducing antioxidant power assay [19]. 
Each extract (1.0 ml) was mixed with 2.5 ml of phosphate buffer (0.1 
M pH 6.6) and 2.5 ml of 1% (w/v) potassium ferricyanide and 
incubated at 50 °C for 20 min. After completion of the incubation 
period, 2.5 ml of 10% (w/v) trichloroacetic acid (TCA) was added to 
terminate the reaction. The upper layer (2.5 ml) was diluted with 
equal volume of deionized water. Finally, 0.5 ml of 0.1% (w/v) FeCl3
DNA damage assay 
 
was added and after 10 min the absorbance was measured at 700 
nm against a blank. Reducing power was expressed as ascorbic acid 
equivalents (1ASE = 1 mM ascorbic acid). The ASE value is inversely 
proportional to reducing power. 
The DNA damage assay was performed using supercoiled pBR322 
plasmid DNA according to the method of Lee et al. with some 
modifications [20]. A reaction mixture containing 10 µl of plant 
extract of different concentrations (0.5, 1.0, 1.5, 2.0 and 2.5 mg/ml), 
pBR322 DNA (0.25 µg) and 10 µl Fenton’s reagent (30 mM H2O2, 
500 µM ascorbic acid and 800 µM FeCl3
HPLC analysis  
) was incubated for 40 min at 
37 °C and analysed on 0.9% agarose gel by staining with ethidium 
bromide. 
The dried extracts were dissolved in HPLC grade methanol (1.0 
mg/ml), filtered through sterile 0.22 µm millipore filter and 
subjected to qualitative and quantitative analysis by using Shimadzu 
LC-10A (Kyoto, Japan) HPLC instrument. The instrument was 
equipped with a dual-pump LC-10AT binary system (Shimadzu, 
Kyoto, Japan) HPLC, a UV detector SPD-10A (Shimadzu, Kyoto, 
Japan), and a Phenomenex Luna RP, C18 column (4.6x250 mm). Data 
were integrated by Shimadzu Class VP series software. Separation 
was achieved with an acetonitrile/water containing 1% acetic acid 
linear gradient program, started with 18% acetonitrile, changing to 
32% in 15 min and finally to 50% in 40 min. Results were obtained 
by comparison of peak areas (λmax = 254 nm) of the samples (g/kg 
dry extract) with that of standards [21]. 
Isolation of hepatocytes 
Animal handling in all experimental procedures was approved by 
the Institutional Animal Ethics Committee, (ITRC/IAEC/20/2006). 
Sprague–Dawley male rats weighing 200±20 g from the Indian 
Institute of Toxicology Research (IITR) animal colony were used for 
the experiments. Rats were housed in an air-conditioned room at 
25±2 °C temperature with 60–70% humidity and a controlled 12 h 
light/dark cycle. Rats were fed on a standard pellet diet (Ashir-wad 
Pellet Diet, Mumbai, India) and water ad libitum. Chloroform was 
used for euthanasia.  
Primary cell culture 
Hepatocytes were isolated from the liver of overnight fasted rat after 
subjecting it to two stage collagenase perfusion with HEPES buffer 
[22]. Cell viability was checked by MTT test. Only preparations with 
cell viability greater than 95% were used for subsequent 
experiments. Hepatocytes were maintained in RPMI-1640 media 
supplemented with heat-inactivated 10% fetal bovine serum and 1% 
of 10,000 units Penicillin, 10 mg Streptomycin, 25 µg Amphotericin 
B, 1 mM sodium pyruvate, 2 mM glutamine under an atmosphere of 
5% CO2-95% air in an incubator (Thermo-forma) with controlled 
humidity at 37 °C. The cells were seeded at a density of 1.0x104
Treatment of cells 
 
cells/well (counted on hemocytometer) in 0.1% collagen pre-coated 
96 well plates and used for exposure drug experiments after being 
cultured for 24 h. 
t-BHP (250µM) was dissolved in distilled water and filtered through 
0.22 μM filter and used for subsequent treatment. 
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Quantitative analysis of viable cells 
Cell viability was determined by a colorimetric MTT assay, as 
described by Mosmann [23]. After the treatment, the culture 
medium was carefully aspirated and MTT was added to each well. 
After 4h incubation, 0.2 ml DMSO was added to dissolve the 
formazan crystal and incubated for 20 min. Absorbance was 
measured at 530 nm using Spectramax PLUS 384 microplate reader 
(Softmax pro version 5.1; Molecular Devices, USA). The data are 
expressed as a percentage of control viability measurement in 
untreated cells. 
Superoxide dismutase (SOD) 
SOD assay is based on the spectrophotometric assay of the inhibition 
of nitro blue tetrazolium-NADH and phenazine methosulphate 
(PMS) mediated formazan formation. Briefly 10 µl of cell lysate, 90 
µl of 50 mM sodium tetra pyrophosphate buffer (pH 8.3), 30 µl of 0.3 
mM nitro blue tetrazolium, 10 µl of 0.96 mM PMS and 40 µl of double 
distilled water (DDW) was added. The reaction was initiated by 
addition of 20 µl 0.72 mM NADH. After incubation at 30o
Lipid peroxidation (LPO) 
C for 90s, 
the reaction was stopped by the addition of 50 µl glacial acetic acids. 
Absorbance was measured at 560 nm. 50% inhibition of formazan 
formation under assay condition in 1 min is taken as one unit of 
enzyme activity/minute [24]. 
Lipid peroxidation is quantified by measuring malondialdehyde 
(MDA), a breakdown product formed from polyunsaturated fatty 
acids (PUFA) hydroperoxides. In this assay, the evaluation of end 
product malondialdehyde (MDA) formed due to membrane lipid 
peroxidation was measured. Briefly, to 10 µl lysate, 10 µl of DDW, 50 
µl of 50 mM phosphate buffer, 10 µl of 1 mM butylated 
hydroxytoluene (BHT), 75 µl of 1.3% thiobarbituric acid (TBA) was 
added. The lipids were isolated by precipitating them with 50 µl of 
50% trichloroacetic acid. The mixture was then incubated at 60o
Nitric oxide production 
C 
for 40 min and then kept in ice for 15 min. The reaction was stopped 
by addition of 10 µl of 20% sodium dodecyl sulphate. This assay 
measures the amount of pink coloured MDA–TBA adduct at 530 nm 
and to account for the interference of phytochemicals it is also read 
at 630 nm [25]. The concentration of thiobarbituric acid reactive 
substances (TBARS) was expressed as nM of MDA formation. Diluted 
l, l, 3, 3-tetraethoxypropane was used for the standard calibration 
curve. 
Accumulation of nitrite, the end product of NO metabolism in culture 
medium was determined using Greiss reagent. In brief 100 µl of the 
cell supernatant (1x104 cells/100 µl) was incubated with 100 µl 
Greiss reagent consisting of 1% sulphanilamide, 0.1% 
naphthylethylenediamine-dihydrochloride and 2.5% H3PO4 at 37o
Reduced glutathione (GSH) 
C 
for 30 min and the absorbance was recorded at 542 nm. A range of 
concentration of sodium nitrite was used to generate the standard 
curve [26]. 
Total glutathione was measured using GSH reductase–DTNB 
recycling assay and the rate of color developed was measured at 412 
nm. Total glutathione was measured by incubating 50 µl of lysate 
with 2.5 µl of 2-vinyl pyridine for 1 h at room temperature prior to 
recycling assay [27]. 
Catalase (CAT) 
CAT was assayed spectrophotometrically using the method of Aebi et al. 
[28]. Briefly, the assay mixture of 1.0 ml contained 970 µl of 50 mM 
sodium phosphate buffer pH 7.0 and 20 µl of homogenate. The reaction 
was started by addition of 10 µl hydrogen peroxide. The decrease in 
absorbance was then observed for 180s at every 15s interval at 240 nm. 
Catalase activity is expressed as Unit/mg of protein. 
Total protein content  
Protein estimation was done by using the standard protocol of 
Bradford et al. [29]. Bovine serum albumin was used as a standard, 
and the colour developed was read at 595 nm. 
Statistical analysis 
Statistical analysis was done by using prism software. Values from in 
vitro antioxidant activities were reported as mean±standard deviation 
(SD) of three determinations. Result were considered significant 
*P<0.05, **P<0.01, ***P<0.001, when compared with untreated cell with 
treated (t-BHP+leaf extract at different concentration) cells.  
RESULTS 
Primary parameters 
Leaf of AC plant contains more phenolics (35.78 g/kg of GAE) than 
fruit (23.58 g/kg of GAE). In the same manner leaf contain more 
vitamin C and protein (0.5714 g/kg of fresh weight (FW) and 295.36 
g/kg of dry weight (DW), respectively) than fruit (0.0762 g/kg of FW 
and 35.96 g/kg of DW, respectively). But carotenoids and 
carbohydrate contents are more in fruit (3.68µg/g of FW and 165.17 
g/kg of DW, respectively) than leaf extract (2.83µg/g of FW and 
59.25 g/kg of DW, respectively) [table 1]. 
Superoxide anion radical scavenging activity 
Superoxide anion radical scavenging activity of the plant extracts 
has been presented in Fig.1. The IC50
 
 value of ethanolic leaf and fruit 
extracts of AC were 111.67 and 123.89 mg/ml, respectively. The 
results showed that leaf extract of AC inhibited NBT reduction more 
significantly than fruit extract. 














Fig. 1: Superoxide anion radical scavenging activity of leaf and 
fruit extracts of AC plant. Values are mean±SD (n=3) 
 
Free radical scavenging activity 
The bleaching action of DPPH is mainly due to the presence of 
phytochemicals having antioxidant activity. Free radical scavenging 
activity of AC leaf and fruit extracts is shown in fig. 2. The IC50
 
 value of 
leaf and fruit were found to be 11.58 and 17.10 mg/ml, respectively. 
 
Fig. 2: Free radical scavenging activity of leaf and fruit extracts 
of AC plant. Values are mean±SD (n=3) 
 
Ferric ion chelation activity 
FIC activity in ethanolic leaf and fruit extracts are shown in fig. 3. FIC 
activity of leaf and fruit extract in terms of IC50 was found to be 8.56 
and 20.63 mg/ml, respectively. It was clear that leaf extract of AC 
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formation of hydroxyl radicals through the Fenton reaction, which is 
responsible for the occurrence of many diseases [30]. 
 
 
Fig. 3: Ferrous ion chelation (FIC) activity of leaf and fruit 
extracts of AC plant. Values are mean±SD (n=3) 
 
Reducing power 
RP is determined to measure the reductive ability of antioxidant, 
which is evaluated by transformation of Fe (III) to Fe (II) in the 
presence of the plant extracts. Reducing power of AC leaf and fruit 
extracts are shown in fig. 4. RP of leaf and fruit extract of AC was 













Fig. 4: Reducing the power of leaf and fruit extracts of AC plant. 
Values are mean±SD (n=3) 
 
DNA damage assay 
Hydroxyl radical scavenging activity of AC plant was further 
explored by the protection of plasmid pBR322 DNA against Fenton 
reagent-induced damage. The results obtained through gel 
electrophoresis showed that leaf extract has significant DNA damage 
protective activity in comparison to fruit extract under in vitro 
condition [fig. 5]. The addition of Fenton reagent to a mixture 
containing DNA and different concentration (0.5, 1.0, 1.5, 2.0 and 2.5 
mg/ml) of leaf extract showed a significant reduction information of 
nicked circular form DNA and increased supercoiled or native forms 
of plasmid DNA with an increase in plant extracts concentration. 
 
 
Fig. 5: Agrarose gel electophoretic pattern showing 
concentration dependent protective effect of AC leaf extract on 
supercoiled DNA, damage caused by Fenton’s reagent. Lane 1: 
pBR322 DNA; Lane 2: DNA+Fenton; Lane 3, 4, 5, 6, 7: 
DNA+Fenton+Plant extract (0.5, 1.0, 1.5, 2.0 and 2.5 mg/ml) 
 
HPLC analysis 
AC leaf extract was also examined for their phenolics composition 
using HPLC. Determinations of phenolic compounds such as 
cholorogenic acid (CGA), caffeic acid (CA), rutin (RU), quercetin 
(Quer) and kaempferol (Kaem) in leaf extract were done by using 
HPLC. Results showed the presence of five phenolics CGA (0.3757 x 
10-2g/kg), CA (0.21499 x 10-2g/kg), RU (0.18272 x 10-2g/kg), Quer 
(0.20693 x 10-2g/kg) and Kaem (0.21985 x 10-2
Varying concentrations of AC leaf extracts (0.5–7.5µg/10
g/kg) [table 2] in AC 
leaf extract. Due to the presence of these phenolic compounds, AC 
leaf extract may have show maximum antioxidant activity. 




were tested to determine the effective concentration, at which no 
toxicity was observed. In order to evaluate the cytotoxic potential of 
t-BHP, the hepatocytes were treated with concentrations of 250 µM 
and cell viability was determined by MTT assay. To see the 
protective effect of plant extracts against t-BHP induced oxidative 
stress in cultured hepatocytes, cells were treated with 250 µM of t-
BHP and AC leaf extracts at concentrations of 1.0, 2.5, 5.0 and 7.5 µg. 
AC leaf increased the cell viability by 1.67 (P<0.001), 1.44(P<0.001), 
1.46 (P<0.001) and 1.64 fold (P<0.001) respectively as compared to 
t-BHP stressed cells [fig. 6]. 
Table 1: Chemical constituents of Amorphophyllus campanulatus (AC) plant parts 
Name of vegetables Parts of vegetable Vit. C 
(g/kg of FW) 
Carotenoids 
(µg/g of FW) 
TPC 
(g/kg of GAE of DW) 
Carbohydrate 
(g/kg of DW) 
Protein 
(g/kg of DW) 




















Values are mean±SD (n=3); FW: Fresh weight; TPC: Total phenolic content; DW: Dry weight; GAE: Gallic acid equivalent. 
 
Table 2: HPLC analysis of Amorphophyllus campanulatus leaf extract 
Sample name CGA (g/kg) CA (g/kg) RU (g/kg) Quer (g/kg) Kaem (g/kg) 
AC leaf 0.3757 x 10  0.21499 x 10-2 0.18272 x 10-2 0.20693 x 10-2 0.21985 x 10-2 -2 
CGA: Cholorogenic acid,  
 
CA: Caffeic acid, RU: Rutin, Quer: Quercetin, Kaem: Kaempherol  
Effect on superoxide dismutase activity  
Cultured hepatocytes when subjected to 250µM of t-BHP induced 
oxidative stress, showed 23.94 Unit/min/1x104cells activity 
(P<0.001) which was 1.84 fold less than the untreated cells. 
Treatment of hepatocyte cells with AC leaf extract at concentrations 
of 1.0, 2.5, 5.0 and 7.5 µg against t-BHP induced oxidative stress SOD 
activity was found to be 119.26 (P<0.001), 87.84 (P<0.001), 137.28 
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cells, respectively [fig. 
7]. Results revealed that leaf extracts showed maximum SOD activity 
at a concentration of 5.0µg. 
 
Fig. 6: Cytotoxic potential of t-BHP as well as the protective 
activity of ethanolic extract of AC leaf. Cells treated with t-BHP 
alone were compared to control cells, whereas cells treated 
with plant extracts followed by t-BHP were compared to cells 




Fig. 7: Effect of ethanolic AC leaf extract on SOD activity against t-
BHP induced stress in primary rat hepatocytes. Cells treated with 
t-BHP alone were compared to control cells, whereas cells treated 
with plant extracts followed by t-BHP were compared to cells 
treated with t-BHP alone. Values are mean±SD (n=3). ***P<0.001 
 
 
Fig. 8: Effect of AC leaf extract on nM MDA formation against t-
BHP induced stress in primary rat hepatocytes. Cells treated with 
t-BHP alone were compared to control cells, whereas cells treated 
with plant extracts followed by t-BHP were compared to cells 
treated with t-BHP alone. Values are mean±SD (n=3). *P<0.05 
Effect on lipid peroxidation 
Oxidative stress induced in the hepatocytes due to 250µM of t-BHP, 
produces 10.57 nM MDA/1x104cells. Treatment of hepatocytes cells 
with AC leaf extract at concentrations of 1.0, 2.5, 5.0 and 7.5 µg against 
t-BHP induced oxidative stress and produced 7.47 nM (P<0.05), 
8.02nM, 7.38 nM (P<0.05) and 7.28 nM (P<0.05) MDA/1x104
Cellular GSH level 
cells, 
respectively [fig. 8]. Results showed that there was a significant 
reduction in MDA formation in leaf extract treated cells. AC leaf has 
maximum anti-lipid peroxidation activity at a concentration of 7.5µg. 
In the current study, we found that 1h treatment with t-BHP caused 
reactive oxygen species (ROS) production which decreases GSH content. 
Cultured hepatocytes, when subjected to 250µM of t-BHP treatment, 
showed 1.54µg GSH/mg of protein (P<0.001) which is 1.63 folds less 
than the untreated cells. Treatment of hepatocytes cells with AC leaf 
extract at concentrations of 1.0, 2.5, 5.0 and 7.5 µg against t-BHP induced 
oxidative stress protect the GSH depletion up to 1.66, 1.65, 1.55 and 1.59 
fold, respectively as compared to t-BHP [fig. 9]. The results reflect that 
treatment of hepatocytes cells with AC leaf extracts efficiently blocked t-
BHP-induced GSH depletion at a concentration of 1.0 µg. 
 
 
Fig. 9: Effect of AC leaf extract on total GSH content against t-BHP 
induced stress in primary rat hepatocytes. Cells treated with t-
BHP alone were compared to control cells, whereas cells treated 
with plant extracts followed by t-BHP were compared to cells 
treated with t-BHP alone. Values are mean±SD (n=3). ***P<0.001 
 
 
Fig. 10: Effect of AC leaf extract on NO release in pg against t-BHP 
induced stress in primary rat hepatocytes. Cells treated with t-
BHP alone were compared to control cells, whereas cells treated 
with plant extracts followed by t-BHP were compared to cells 
treated with t-BHP alone. Values are mean±SD (n=3). *P<0.05 
 
Effect on NO release 
NO release in the hepatocytes by free radical generation due to 
250µM of t-BHP was 3.80pg/1x104 cells. When stress induced 
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hepatocytes with t-BHP were treated with AC leaf extract at 
concentration of 1.0, 2.5, 5.0 and 7.5 µg, it released 2.15pg (P<0.05), 
2.17pg, 2.07pg (P<0.05), 2.90pg NO/1x104
Catalase activity 
cells (P<0.05), 
respectively [fig. 10]. Results showed that AC leaf extracts have best 
anti nitric oxide inhibition activity at a concentration of 5.0µg. 
CAT is an antioxidant enzyme that protects the cells against oxidative 
stress from highly reactive free radicals. The activity of this enzyme gets 
induced when free radicals are generated in the cells. When cells were 
treated with 250µM of t-BHP alone; CAT decreased 2.66 fold as 
compared to control. But when the cells treated with t-BHP were 
exposed to AC leaf extract at a concentration of 1.0, 2.5, 5.0 and 7.5µg, 
extracts showed 0.787, 1.33, 3.60 and 2.31 fold increases in antioxidant 




Fig. 11: Effect of AC leaf extract on Catalase enzyme activity 
against t-BHP induced stress in primary rat hepatocytes. Cells 
treated with t-BHP alone were compared to control cells, 
whereas cells treated with plant extracts followed by t-BHP 
were compared to cells treated with t-BHP alone. Values are 
mean±SD (n=3). ***P<0.001 
 
Total protein content 
Treatment with 250µM of t-BHP caused 1.54 fold decreases in total 
protein content. Exposure of t-BHP pretreated hepatocytes cells with 
AC leaf extract at a concentration of 1.0, 2.5, 5.0 and 7.5 µg protect 
the protein content depletion to the extent of 1.44, 1.41, 1.47 and 
1.44 fold, respectively as compared to t-BHP [fig. 12].  
 
 
Fig. 12: Effect of AC leaf extract on total protein content against t-
BHP induced stress in primary rat hepatocytes. Cells treated with 
t-BHP alone were compared to control cells, whereas cells treated 
with plant extracts followed by t-BHP were compared to cells 
treated with t-BHP alone. Values are mean±SD (n=3). ***P<0.001 
 
DISCUSSION  
Plants are a good source of the phenolic compound. These 
compounds are a major contributor of antioxidant and 
hepatoprotective activity of plant [31]. Therefore, plants containing 
a high concentration of phenolic compounds could be a good source 
of natural antioxidants. Primary parameters of antioxidant activity 
such as ascorbic acid and total phenolic content were estimated in 
AC plant. The present study showed that these two parameters 
showed maximum content in this plant. Ascorbic acid can be 
oxidized by many species that have potential to be involved in 
human diseases [32]. Studies suggested that antioxidant activity of 
vitamin C showed the dose-dependent effect in human diseases such 
as atherosclerosis and cancer [33]. Ascorbic acid has the ability to 
enhance the body’s antioxidant defence and is important in the 
healing of the ulcers and delay the onset of other diseases [34]. 
Phenolic compounds constitute a class of antioxidant agents acting 
as free radical terminators [35, 36]. The data demonstrate that 
polyphenols are widely distributed in the vegetable sample. 
According to Bravo et al., polyphenols that are present in these 
vegetables is largely affected by genetic factors, environmental 
conditions, variety, etc [37]. In contrast, vitamin C is one of the most 
important water-soluble antioxidants in cells, and it scavenges 
reactive oxygen species such as hydroxyl radicals, peroxyl radicals 
and singlet oxygen [38]. Consequently, when relating the antioxidant 
activities of plants sample to disease risk and health, it is important 
to consider the contribution of vitamin C in addition to that of 
phenolic compounds [39]. 
The SARSA of AC was monitored by PMS-NADH-NBT reduction 
system, a non-enzymatic method. In this method, O 2•-derived from 
dissolved oxygen by PMS-NADH coupling reaction reduces the 
yellow dye (NBT2+) to produce the blue formazan, which is 
measured spectrophotometrically at 560 nm. The decrease in color 
intensity showed that antioxidants present in the plant extracts 
scavenge the superoxide radical. The plant extract reduces the 
superoxide anion and inhibits the formation of blue formazan 
complex [40, 41]. The natural food items which are capable of 
quenching the O2
One of the proposed methods for assessment of antioxidative 
activity (AOA) is DPPH free radical colorimetric assay, in which 
colour changes from purple to yellow in the presence of antioxidants 
[42]. The kinetics of decolorization reactions directly relates to the 
types of antioxidants and to their concentrations [17]. Our studies 
showed that leaf extracts significantly reduced the DPPH radicals in 
dose-dependent manner. In its radical form, DPPH absorbs at 517 
nm, but upon reduction by an antioxidant, its absorbance decreases 
[43]. Antioxidants react with DPPH radical and convert it into α,α-
diphenyl-p-picryl hydrazine [44]. DPPH is stable nitrogen centred, 
lipophilic free radical widely used in evaluating antioxidant activities 
in a relatively short time compared to some other methods. The DPPH 
assay measures the ability of the plant extract to donate hydrogen to 
the DPPH· radical resulting in bleaching of the DPPH solution. Greater 
the bleaching action, higher the antioxidant activity and this is reflected 
by higher ARP and lower value of IC
·ˉ can prevent the oxidation of biomolecules of the 
body and may enhance the activity of endogenous SOD. Results 
showed that AC leaf extract showed maximum scavenging of 
superoxide anion radical when compared to fruit extract.  
50
The literature showed that chelating agents act as effective 
secondary antioxidants because they reduce the reduction potential 
stabilizing oxidized form of the metal ion [47]. In the FIC assay, 
ferrozine acts as a chelating agent and forms purple complexion with 
Fe
 [45]. Antioxidant activity results 
for this plant in this study are not in agreement with the results obtained 
by Ramesh et al. [46]. However, these contradictory results may be 
mostly due to differences in sample collection sites and the experimental 
conditions used in different studies.  
2+giving maximum absorbance at 562 nm. However, in the 
presence of chelating agents, the complex formation is disrupted 
with the result that red colour of complex is decreased. The 
transition metal ion, Fe2+ 
The reducing capacity of a compound may serve as a significant 
indicator of its potential antioxidant activity [49]. Reducing power 
possess the ability to move single electrons 
by virtue of which it can allow the formation and propagation of 
many radical reactions, even starting with relatively non-reactive 
radicals [48]. The present study showed that AC leaf contains strong 
ferric ion chelation activity than fruit. 
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assay measure the electron donating capacity of an antioxidant. The 
reduction of ferric ion to ferrous ion is measured by the intensity of 
resultant blue-green solution which absorbs at 700 nm and an 
increased absorbance is indicative of higher RP. Our result showed 
that leaf extract showed better reducing power than fruit extract. 
The hydroxyl radical is the most reactive among reactive oxygen 
species. It can be formed by the Fenton reaction in the presence of 
transition metals such as Fe3+ and H2O2
t-Butyl hydroperoxide is widely used to study the effect of free 
radicals on cellular functions under in vitro condition [51]. It 
decomposes alkoxy or peroxy radicals which result in lipid 
peroxidation leading to the formation of various TBA-reactive 
substances, DNA damage as well as a decrease in GSH content [52-
54]. The protective effect of test substances against oxidative 
damage was seen by measuring superoxide dismutase activity, lipid 
peroxidation, NO release, GSH content and catalase activity in the 
cell. In the present study, the toxic effect of t-BHP on cell membrane 
integrity was indicated by a significant decrease in the %viability of 
isolated rat hepatocytes. The decreased cell viability caused by 
hepatic damage is believed to be due to breakage of the structure of 
the cellular membrane [55]. Cell viability was reduced in t-BHP 
treated hepatocytes and on the other hand, AC leaf extract prevented 
the toxic effects induced by t-BHP in term of loss in the cell viability 
in a dose-dependent manner. Results revealed that AC leaf extracts 
showed better cell viability at concentration 1.0 and 7.5µg.  
, capable of damaging almost 
every molecule found in living cells such as strand breakage in DNA, 
which contributes to carcinogenesis, mutagenesis and cytotoxicity. 
In the present study, plasmid pBR322 DNA was treated with Fenton 
reagent which interacts with the supercoiled DNA. Hydroxyl radical 
attacks on nitrogenous bases and sugar moiety of supercoiled 
pBR322 plasmid DNA, resulting in nicked circular form due to 
breakage of the sugar-phosphate backbone of nucleic acid. The 
damage was effectively minimized by treatment with AC leaf extract. 
The DNA damage may cause a number of genetic disorders [50]. The 
protection offered against DNA damage by AC was concentration 
dependent. It was clear from the study of HPLC analysis that AC leaf 
extract showed the presence of more phenolic compounds that is why 
it showed maximum protection of DNA damage against OH radical. On 
the basis of our results, we can conclude that AC leaf is promising 
sources of potential antioxidants. So, further studies were carried out 
to investigating the hepatoprotective activity of leaf extract. 
SOD is the first line of defence in the antioxidant system against the 
oxidative damage mediated by superoxide radicals [56]. SOD 
catalyzed the dismutation of superoxide radical into H2O2
Lipid peroxidation has been postulated as a major destructive 
process of liver injury due to t-BHP administration. The activated 
free radical binds covalently to the macromolecules and induces per 
oxidative degradation of membrane lipids of endoplasmic reticulum 
which are rich in polyunsaturated fatty acids. This leads to the 
formation of lipid peroxides which in turn generate products such as 
malondialdehyde (MDA) that cause damage to the membranes [58]. 
The results of the present study suggest that leaf extracts are 
capable of reducing hepatocyte lipid peroxidation caused by t-BHP. 
Sohn et al. reported that the peroxidation of membrane 
phospholipids result in increased peroxides which eventually lead to 
disruption of membrane structure, membrane fluidity and function 
[59]. The cell membrane contains polyunsaturated fatty acids which 
are more prone to free radical attack and may cause cellular 
destruction when there is a lack of adequate antioxidant defence 
[60]. So, the role of dietary antioxidants in the form of food 
ingredient can be an effective strategy to strengthen the immune 
system, healthy ageing and homeostatic balance during oxidative 
stress [61].  
. These 
radicals, if uncontrolled, cause damage to cellular macromolecules 
resulting in cellular dysfunctions [57]. The plant extracts in our 
study showed a protective effect of the cell from superoxide ions by 
enhancing the activity of superoxide dismutase enzyme as compared 
to t-BHP stressed cells. 
In our study, leaf extracts significantly reduced the NO production by 
the cells and thus protected them from the damaging effects of 
excess NO production. Nitric oxide (NO) is lipophilic and greatly 
diffusible solute that forms within the cell. The production of NO by 
the activated macrophages against pathogens may cause cellular injury 
to macrophages as well as to the neighbouring tissues. Excess NO can 
react with superoxide radicals leading to the formation of harmful 
peroxynitrite radicals that are responsible for the damage to 
macromolecules resulting in protein nitration, DNA strand breakage and 
guanine nitration, etc. Jeong et al. revealed that the excess NO generated 
in body system causes tissue damage and inflammation [62]. The 
approach to reducing NO production is emerging as an important 
therapeutic strategy for treatment of inflammatory disorders. In our 
study the treatment with extracts reduced the NO concentrations which 
indicate the better antioxidant status of cells against t-BHP induced 
oxidative stress. Results also showed that AC leaf extracts have best anti 
nitric oxide inhibition activity at a concentration of 5.0µg.  
GSH is an important intracellular antioxidant and redox potential 
regulator that provides efficient detoxification effects and protects 
cells from damage by free radical and peroxide. The thiol-based 
antioxidant system plays the second line of cellular defence against 
reactive free radical and another oxidant species-mediated oxidative 
damage. GSH with its–SH group functions as a catalyst in disulphide 
exchange reaction. Its function is to reduce free radicals. So the 
decrease in the concentration of GSH is related to the neutralization 
of free radicals [63]. In the present study, we found that cells were 
sensitive to t-BHP challenge as GSH levels were depleted. 
Administration of AC leaf extracts along with t-BHP inhibited GSH 
depletion. It is suggested that during oxidative stress GSH depletion 
occurs frequently and can also alter mitochondrial membrane 
fluidity [64]. Reports also showed that t-butyl hydroperoxide causes 
DNA damage as well as a decrease in GSH content [53, 54].  
Catalase is an essential cytosolic antioxidant enzyme which converts 
H2O2 to H2
The probable adverse reactions and undesirable side effects of 
synthetic drugs have led to the belief that natural products are safer, 
as herbal drugs are considered to be more harmonious with 
biological systems than the synthetically derived drugs. It is believed 
that plants with antioxidant property can prevent or protect tissues 
against the damaging effect of free radicals. In the present study, the 
reversal of altered antioxidant enzymes status and peroxidative 
activity due to free radical generated by t-BHP suggests that AC leaf 
extract has significant antioxidant and antiperoxidative property 
and hence reveals its potential to play a crucial role in defence 
against free radicals. 
O (56). The extracts showed the enhanced activity of 
enzyme CAT ensuring better antioxidant and protective effect on the 
stimulated cells against the deleterious effects of the t-BHP and 
generation of other radicals.  
CONCLUSION 
Amorphophallus campanulatus evaluated in this study had varied 
levels of phytochemical constituents which may be essential for 
good human health. In this study, leaf extracts of AC showed better 
antioxidative potential which may be due to the presence of phenolic 
compounds. The leaf extract also showed maximum protection of 
DNA damage caused by hydoxyl radicals in a dose-dependent 
manner. Induction of ROS caused depletion in antioxidant enzyme 
activity and GSH level. The protective activity of AC leaf extracts 
against t-BHP induced cell death observed was confirmed by 
increased cell viability; increased antioxidant enzyme activity, 
reduced NO release and MDA formation. The reversal of altered 
antioxidant enzyme status and peroxidative activity caused by t-BHP 
suggests that AC leaf extracts have antioxidant and hepatoprotective 
properties. Results showed that AC leaf is a rich source of many 
biomolecules and showed potential utility of AC leaf for use in herbal 
drug system or as a nutritional supplement. 
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